We sought to study the relationships between chemokines and oxidative stress in acute coronary syndrome. BACKGROUND In view of existing knowledge on the participation of leukocytes and oxidative stress in the pathogenesis of acute coronary syndrome, we hypothesized that chemokines may play a role in recruiting and activating leukocytes in this disorder.
Increasing evidence supports the involvement of inflammation in atherogenesis and in the pathogenesis of acute coronary syndrome. Thus, activated monocytes, T cells and granulocytes have been demonstrated in patients with unstable angina (1, 2) , and extensive infiltration of bloodderived macrophages and T cells into the vessel wall is seen in the active stages of atherosclerosis (3) . Chemokines are a family of inflammatory cytokines characterized by their ability to cause directed migration of leukocytes, and raised levels are found in several inflammatory disorders (4) . There is also some evidence suggesting that chemokines, e.g., interleukin (IL)-8 and monocyte chemoattractant protein 1 (MCP-1), may play a role in the pathogenesis of atherosclerosis (5, 6) . In addition to being potent chemoattractants, several other leukocyte responses such as enzyme secretion and induction of reactive oxygen species (ROS) have been observed in vitro after chemokine stimulation (4, 7) . Some of these responses may clearly be relevant to the development of coronary artery disease (CAD). In particular, enhanced oxidative stress has been implicated in the pathogenesis of CAD and in the triggering of unstable angina (8) . In view of the existing knowledge on the association of leukocyte activation and oxidative stress with atherosclerosis and acute coronary syndrome, we hypothesized that chemokines may play an important role in recruiting and activating leukocytes and in enhancing oxidative stress in these disorders. In the present study we investigated this hypothesis by different experimental approaches in stable and unstable angina patients.
METHODS
Patients and controls. Between January and June 1998 patients undergoing diagnostic coronary angiography in the coronary care unit at our hospital were consecutively registered. Among those fulfilling the criteria of unstable angina (see following text), 38 patients were selected randomly for participation in the study (Table 1 ). All patients with unstable angina had experienced ischemic chest pain at rest within the proceeding 48 h, with no evidence of myocardial necrosis by enzymatic criteria. Transient ST-T segment depression and/or T-wave inversion were present in all cases. For comparison, 38 patients with stable angina were randomly selected among those attending the Department of Cardiology at our hospital in the same period for diagnostic coronary angiography (Table 1 ). All these patients had stable effort angina of Ͼ6 months duration and a positive exercise test. Exclusion criteria included myocardial infarction within the previous month, ECG abnormalities invalidating ST-segment analyses, thrombolytic therapy the previous month, body temperature Ͼ38.0°C or the occurrence of inflammatory disease likely to be associated with acute-phase response (e.g., infections, malignancies or autoimmune disorders). Controls in the study were 20 gender-and age-matched healthy blood donors (15 males and five females, age 53 Ϯ 15 years). Blood collection and isolation of monocytes and T (CD3 ϩ ) cells for the study was performed as previously described (9, 10 
RESULTS
Serum levels of chemokines in angina patients. Levels of all measured chemokines were elevated in both unstable and stable angina patients comparing healthy controls (Fig. 1) . Although there were no significant differences in RANTES, ENA-78 or GRO-alpha levels between stable and unstable angina, particularly high IL-8, MCP-1 and MIP-1-alpha levels were found in unstable disease (Fig. 1) . In ten patients with unstable angina, blood samples were also available before the patients developed an unstable disease Chemokine levels in relation to oxidative stress. We first analyzed plasma levels of 8-isoprostane, a sensitive marker of lipid peroxidation (12) , and the antioxidant vitamins beta-carotene, vitamin C and vitamin E in 40 angina patients (20 with stable and 20 with unstable disease) and ten controls. Angina patients had raised 8-isoprostane concentrations compared with controls, with particularly high levels in unstable disease (Fig. 2) . Furthermore, vitamin C, vitamin E and beta-carotene levels in unstable angina were significantly decreased compared with both stable angina patients and controls (Fig. 2) (Fig. 3) . Second, MCP-1, but not IL-8 or MIP-1-alpha, markedly enhanced zymosan-stimulated O 2 Ϫ generation in monocytes from both patients and controls, with particularly enhancing effect in those with unstable disease, when added to cell cultures at the start of the culture period (Fig. 3A) . Finally, MCP-1, but not IL-8 or MIP-1-alpha, also directly induced O 2 Ϫ generation in a dose-dependent manner in both patients and controls, with particularly enhancing effect in unstable angina, when added to monocytes after 20 h of culture in medium alone (Fig. 4C) .
When the antioxidant glutathione-monoethyl ester was added to monocyte cultures, there was a dose-dependent reduction in LPS-stimulated release of IL-8 and MCP-1, but not MIP-1-alpha, in both patients and controls, with a particularly suppressive effect in unstable angina ( Fig. 4A  and B) . In stable and particularly in unstable angina such a reduction was also found in the spontaneous release of these chemokines ( Fig. 4C and D) . Glutathione-monoethyl ester also suppressed MCP-1, but not MIP-1-alpha levels, in stimulated T cells in both patients and controls (data not shown).
DISCUSSION
The present study shows that raised levels of several chemokines characterize angina patients, particularly those with unstable disease. Concomitantly, and significantly correlated with raised MCP-1 and IL-8 levels, stable and particularly unstable angina patients had decreased plasma levels of antioxidants and increased lipid peroxidation, suggesting enhanced oxidative stress in these patients. Finally, MCP-1 was found to enhance ROS generation in monocytes from unstable angina patients and the antioxidant glutathione-monoethyl ester reduced the production of IL-8 and MCP-1 in these cells, suggesting an interaction between chemokines and oxidative stress in unstable angina. Enhanced levels of CXC-and CC-chemokines in unstable angina. We demonstrate that angina patients have raised levels of both CC and CXC-chemokines with particularly high IL-8, MCP-1 and MIP-1-alpha levels in
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Enhanced Chemokine Levels in Unstable Angina unstable disease, possibly reflecting pathogenic processes in these patients. Migration of monocytes into the arterial wall is an early event in atheroma formation, and chemokines may be involved in this process (5) . Thus, the selective absence of the MCP-1 receptor CCR2 decreases atherosclerosis formation in apolipoprotein E null mice (13) . Moreover, infiltration and activation of circulating T cells and monocytes into the atherosclerotic lesion may also be involved in the triggering of acute coronary syndromes (3).
Again, chemokines may play an important role in this immune-mediated plaque destabilization, not only by recruiting activated leukocytes into the plaque (5), but also by directly contributing to plaque rupture and thrombus formation (14, 15) . We found that monocytes and T cells in unstable angina released increased levels of chemokines. If such activation also exists within the atheroma, our findings may represent pathogenic processes involved in the triggering of acute coronary syndromes. 
MCP-1 enhances ROS generation from monocytes in unstable angina. We found markedly decreased levels of several antioxidants in angina patients, with particularly low levels in unstable disease. This decrease in unstable angina was accompanied by increased lipid peroxidation and enhanced ROS generation in monocytes, suggesting enhanced oxidative stress in these patients. Although several factors may mediate enhanced ROS generation in unstable angina (e.g., oxidized LDL, hypoxia/reoxygenation) (8), our results suggest that chemokines and particularly MCP-1 may be involved. Several cytokines may prime phagocytes for enhanced ROS generation (9) , but only certain chemokines may directly induce ROS (16) . Notably, NF-kappa-B, which recently was found to be activated in leukocytes from unstable angina patients (17) , is involved in the induction of IL-8 and MCP-1 in both T cells and monocytes (18, 19) . Thus, if similar mechanisms also operate in vivo within an atherosclerotic lesion, the interaction between chemokines and oxidative stress may represent a pathogenic loop in unstable angina. Interaction between chemokines and oxidative stresspossible pathogenic role in plaque rupture. Unstable angina patients had raised levels of chemokines and oxidative stress compared with stable angina patients, and as for spontaneous and MCP-1 induced O 2 Ϫ production, there was no overlap between the two patient groups. These findings may be of interest. Thus, enhanced ROS generation within the atherosclerotic plaque may promote apoptosis and enhance the activity of matrix degrading enzymes within the atherosclerotic lesion, potentially promoting plaque destabilization (20) . Also, although moderately raised chemokine levels may play a role in the development of stable angina, more marked chemokine activation in patients with a pre-existing atherosclerotic plaque, particularly when combined with enhanced oxidative stress, may contribute to the promotion of plaque rupture. Conclusions. The interaction between chemokines and oxidative stress in angina patients may represent pathogenic mechanisms. Though it may not necessarily be the initial event, this "pathogenic loop" may contribute to the progression of atherosclerosis in these patients. Even more importantly, this vicious circle seems to be particularly activated in unstable disease, and such interaction between chemokines and oxidation may represent pathogenic processes involved in the triggering of acute coronary syndromes. 
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